Investigators studying associations between vegetable intake and pancreatic cancer risk have reported inconsistent findings to date. To further explore these associations, the authors analyzed data on 183,522 participants enrolled in the Hawaii-Los Angeles Multiethnic Cohort Study in 1993-1996. Intakes of total vegetables, light green, dark green, yellow-orange, and cruciferous vegetables, tomato products, and legumes were estimated from a quantitative food frequency questionnaire. After an average of 8.3 years of follow-up, 529 pancreatic cancer cases were identified. Multivariate-adjusted Cox proportional hazards models were created. All statistical tests were two-sided. Overall, total vegetable intake was not associated with pancreatic cancer risk, nor was intake of vegetable subgroups. Current smokers, who were at increased risk of pancreatic cancer (relative risk ¼ 1.78, 95% confidence interval: 1.40, 2.27), had a decreased risk with higher intake of dark green vegetables (for comparison of extreme quartiles, relative risk ¼ 0.50, 95% confidence interval: 0.27, 0.92; p-trend ¼ 0.029). The inverse association for dark green vegetables was also seen in African Americans (p-trend ¼ 0.043). In stratified analyses, inverse associations with total vegetables, light green vegetables, and legumes were significant in overweight/obese subjects. In conclusion, the authors found no evidence for an inverse association between vegetable intake and pancreatic cancer overall, but inverse associations in high-risk persons suggest the need for further investigation. cohort studies; ethnic groups; pancreatic neoplasms; vegetables Abbreviations: BMI, body mass index; CI, confidence interval; QFFQ, quantitative food frequency questionnaire; RR, relative risk.
Pancreatic cancer is the most fatal cancer in adults. It is generally diagnosed at a late stage and is poorly responsive to treatment. It ranks fourth among US cancer deaths, and the 5-year survival rate is less than 5 percent (1). More than 32,000 new cases of pancreatic cancer were estimated to have occurred in the United States in 2005 (2) .
Because of its poor prognosis and the minimal impact of conventional treatment methods (3) , it is important to focus on prevention for this disease. So far, only a few risk factors have been established. Cigarette smoking is the most important etiologic factor yet identified, increasing the risk approximately twofold for current smokers as compared with nonsmokers (4). The attributable risk for smoking has been estimated at 25 percent (5) . A family history of pancreatic cancer, a diagnosis of diabetes mellitus, and obesity have also been associated with the disease (3, (6) (7) (8) (9) (10) (11) (12) (13) (14) . Other risk factors include increasing age, male sex, and Native Hawaiian or African-American ethnicity (15) .
It has been hypothesized that vegetable consumption offers protective effects against several cancers. Various constituents of these foods have been proposed as sources of possible beneficial effects, including dietary fiber, folic acid,
Study population
At baseline, over 215,000 men and women were recruited. Because the quantitative food frequency questionnaire (QFFQ) was designed to cover the usual diet of the five major ethnic groups, participants not belonging to one of these ethnic groups were excluded from this analysis (n ¼ 13,994), as were persons with diets deemed implausible on the basis of reported energy and macronutrient intakes (n ¼ 8,265). To make the latter determination, we excluded the top and bottom 10 percent tails of the log energy distribution and computed a robust standard deviation, assuming a truncated normal distribution. Then we excluded all energy values outside of the range (mean AE 3 robust standard deviations). We used a similar procedure to exclude persons with extreme fat, protein, or carbohydrate intakes (outside the range of mean AE 3.5 robust standard deviations). Subjects with a pancreatic cancer diagnosis prior to baseline that was either self-reported in the questionnaire or identified by registry linkages (n ¼ 59) and subjects with missing information at baseline on smoking status (never, former, current; n ¼ 2,967), intensity and duration of smoking (n ¼ 4,043), history of diabetes mellitus (n ¼ 1), or self-reported body weight and height (used to compute body mass index (BMI; weight (kg)/height (m) 2 ); n ¼ 2,281) were excluded. To eliminate unreasonable combinations of self-reported weights and heights, we also excluded subjects with a BMI outside the range of 15-50 kg/m 2 (n ¼ 698). As a result, data on 183,522 participants were available.
Dietary assessment
Dietary intake was assessed at baseline using a comprehensive questionnaire especially designed and validated for use in this multiethnic population. The development of the self-administered QFFQ has been described elsewhere (20, 21) . In brief, 3-day measured dietary records from approximately 60 men and women of each ethnic group were used to identify a minimum set of food items that contributed at least 85 percent of the intake of a specific list of nutrients. Food items that were common in the diet of a particular ethnic group were also included in the QFFQ, irrespective of their nutrient contributions. The QFFQ asked about the consumption of over 180 food items, including more than 20 individual vegetable items as well as mixed dishes containing vegetables. The QFFQ inquired about the usual frequency (based on 8-9 categories) and amount of each food consumed, based on three portion sizes per food item. The reference portion sizes were also derived from the 3-day measured dietary records.
Prior to calculation of food group intake, the food mixtures from the QFFQ were disaggregated to the ingredient level using a customized recipe database. For example, while the salami on a pizza was counted towards the processed meat group, the tomatoes on that pizza were counted towards the vegetable group. Food group intake was calculated as grams per day of the basic food commodities. Foods and food groups used in this analysis were: total vegetables; light green, dark green, yellow-orange, and cruciferous vegetables; tomatoes and tomato products; and legumes.
Identification of pancreatic cancer cases
Incident exocrine pancreatic cancer cases were identified through record linkages to the Hawaii Tumor Registry, the Cancer Surveillance Program for Los Angeles County, and the California State Cancer Registry. All three registries are part of the Surveillance, Epidemiology, and End Results Program of the National Cancer Institute and have been operating since 1960, 1972, and 1988, respectively. Case ascertainment was complete through December 31, 2002 , for this analysis. International Classification of Diseases for Oncology, Second Edition (22) , codes C25.0-C25.3 and C25.7-C25.9 were counted as diagnoses of exocrine pancreatic cancer. Endocrine pancreatic cancers were not counted as cases, but follow-up for subjects with these tumors was censored at the date of diagnosis. calculated beginning at the date of cohort entry, defined as the date of questionnaire completion or the date the participant turned 45 years of age, for the few persons who were younger than 45 when they completed the baseline questionnaire (n ¼ 1,104). Person-times ended at the earliest of three dates: the date of pancreatic cancer diagnosis, the date of death, or December 31, 2002, the closure date for this analysis. Tests based on Schoenfeld residuals showed no evidence that the proportional hazards assumption was violated for any analysis. Separate models for men and women showed similar patterns. Therefore, we present models including all persons, stratified by sex to allow for different baseline hazard rates. All models were stratified by followup time, categorized as 2 years, >2-5 years, and >5 years. A separate analysis hinted at some differences between relative risks across the three follow-up time strata, although the differences were not statistically significant (data not shown).
Foods and food group exposures were investigated in disease models in terms of percentiles. For analyses using quintiles, four indicator variables were created to represent the quintiles, based on the distribution in the entire cohort (men and women). Trend variables, used to test dose-response, were assigned the sex-and ethnicity-specific median values for overall quintiles or quartiles. Age at cohort entry, ethnicity, history of diabetes mellitus, family history of pancreatic cancer, smoking status (never, former, or current), pack-years of smoking, intake of energy (logarithmically transformed), intakes of red meat and processed meat, and BMI were used as adjustment factors in multivariate models for the overall cohort. We included energy in order to investigate associations for foods independently of their relation to overall energy intake. Intakes of red and processed meat were previously associated with an increased risk of pancreatic cancer in the Multiethnic Cohort Study (23) . In models additionally adjusted for educational attainment and alcohol consumption, the risk estimates were changed only marginally (data not shown), so these variables were not included in the final models. All statistical tests were two-sided.
The likelihood ratio test was used to determine the significance of the interactions of smoking status (current smoking vs. never smoking) and BMI (<25 kg/m 2 vs. !25 kg/m 2 ) with vegetable intake with respect to pancreatic cancer. The test compares a main-effects, no-interaction model with a fully parameterized model containing all possible interaction terms for the variables of interest.
To reduce measurement error in the dietary assessments, we chose to energy-adjust food group intakes by calculating densities, that is, grams per 1,000 kcal of energy intake per day. In a validation study, we found that energy-adjusted intakes produced substantially higher correlation coefficients with the reference instrument than did absolute intakes (21) . This has also been reported in other studies (24) . Densities measure the contribution of the food group to overall diet and are therefore interpreted differently from absolute measures.
RESULTS
The analytic cohort comprised 1,520,886 person-years of follow-up and included 529 incident cases of exocrine pancreatic cancer. Table 1 gives study participants' characteristics by quintile of total vegetable intake. Forty-five percent of study participants were men. Sex was associated with intake of vegetables, with the proportion of men decreasing across quintiles. The mean age of study participants at cohort entry was 60 years, but age was not strongly associated with vegetable intake. The proportion of African Americans decreased and the proportion of Latinos increased across vegetable intake quintiles. The mean BMI decreased from 26.2 kg/m 2 in the lowest quintile of total vegetable intake to 25.7 kg/m 2 in the highest quintile. Energy intake and the mean number of pack-years of smoking were inversely associated with vegetable intake.
Because of the well-established relation between smoking and pancreatic cancer risk, we first examined this association in our cohort. Current smokers had a statistically significant 78 percent higher risk of pancreatic cancer than never smokers (relative risk (RR) ¼ 1.78, 95 percent confidence interval (CI): 1.40, 2.27). Former smokers in general were not at higher risk than never smokers (RR ¼ 1.10, 95 percent CI: 0.90, 1.34), but persons who had recently quit smoking (within 5 years of questionnaire administration) had significantly increased risks of pancreatic cancer. Pack-years of smoking also were positively associated with pancreatic cancer risk. Participants in the fifth quintile, reflecting more than 31.7 pack-years of smoking, had a 46 percent higher risk of pancreatic cancer than never smokers (RR ¼ 1.46, 95 percent CI: 1.12, 1.89; p-trend < 0.001).
In order to explore the association between vegetable intake and pancreatic cancer risk, we analyzed total intake as well as various groupings of vegetables as exposures in disease risk models. After adjustment for confounding variables, no statistically significant association between total vegetable intake or vegetable subgroups and pancreatic cancer risk was detected (table 2). The multivariate-adjusted models suggested inverse associations for dark green vegetables and legumes (p-trend < 0.10), but the relative risk did not reach statistical significance. Comparing the fifth quintile with the first, the relative risks of pancreatic cancer in men and women, respectively, were 0. Because of the suggestive findings for dark green vegetables and legumes in table 2, we further examined the associations between vegetable intake and pancreatic cancer risk in selected high-risk subgroups based on smoking status, ethnicity, and BMI. The results are shown in table 3. The table includes four vegetable groups for which there was a significant result in any of the analyses. In the analysis by smoking status (as noted above, we found an approximately twofold increase in pancreatic cancer risk among current smokers), current smokers showed a statistically significant inverse association with intake of dark green vegetables (p-trend ¼ 0.029), whereas never smokers showed a statistically significant inverse association with total vegetables. However, there was no evidence of an interaction between smoking (current smoking vs. never smoking) and intake of dark green (p ¼ 0.575) or total (p ¼ 0.914) vegetables based on tertiles (data not shown). No smoking subgroup showed any significant inverse trends for legumes or light green vegetables (table 3) or for any other vegetable subgroup (data not shown).
In the analysis by ethnicity (African Americans are at higher risk than Caucasians (15)), a statistically significant z Sex and time in the study were adjusted for as strata variables in the Cox models. § Sex and time in the study were adjusted for as strata variables in the Cox models. Further adjustment was made for age at cohort entry, ethnicity, history of diabetes mellitus, family history of pancreatic cancer, smoking status, pack-years of smoking, intakes of red meat and processed meat (g/1,000 kcal/day), energy intake (logarithmically transformed), and body mass index (weight (kg)/height (m) 2 ). * Sex and time in the study were adjusted for as strata variables in the Cox models. Further adjustment was made for age at cohort entry, history of diabetes mellitus, family history of pancreatic cancer, intakes of red meat and processed meat (g/1,000 kcal/day), energy intake (logarithmically transformed), body mass index, smoking status, pack-years of smoking, and ethnicity, as appropriate. In the analysis by BMI (a high BMI has been reported to be a risk factor for pancreatic cancer (14)), we stratified the subjects as normal-weight (BMI <25 kg/m 2 ) versus overweight/obese (BMI !25 kg/m 2 ) (table 3) . Inverse associations were found only in the overweight/obese group, where statistically significant inverse trends were seen for intakes of total vegetables (p ¼ 0.026), light green vegetables (p ¼ 0.042), and legumes (p ¼ 0.045), though not for dark green vegetables. However, analyses showed no evidence of interaction between BMI and vegetable intake based on tertiles (p for interaction ¼ 0.148, 0.137, and 0.791 for total vegetables, light green vegetables, and legumes, respectively). No other vegetable group showed any statistically significant inverse association (data not shown).
In a previous analysis (23), we identified processed meat as a risk factor for pancreatic cancer in our cohort. However, a stratified analysis of the associations between vegetables and pancreatic cancer by tertiles of processed meat intake did not show any differences in risk across strata.
DISCUSSION
After 8 years of follow-up in the Multiethnic Cohort Study, we did not find a statistically significant inverse association between total vegetable intake and pancreatic cancer risk overall, though the results suggested a decreased risk associated with consumption of dark green vegetables and legumes. When we limited the analysis to current smokers, we found a significantly decreased risk with dark green vegetable intake, but results were not statistically different from those for never smokers. The inverse association with dark green vegetables was also shown in African Americans. After stratification by BMI, inverse associations with total vegetables, light green vegetables, and legumes were found in overweight/obese persons.
To date, 10 other prospective studies have investigated vegetable intake as a risk factor for pancreatic cancer (table 4) (10, (25) (26) (27) (28) (29) (30) (31) (32) (33) . Only three of them found a statistically significant inverse association, one with intake of raw vegetables (26), one with intake of cabbage (33) , and one with intake of beans, lentils, and peas (28) . The 10 studies varied considerably in size (from 25 cases (32) to more than 3,500 cases (25)), in length of follow-up (from 7 years (28) to 20 years (31)), and in location (Japan (26, 29, 32) , the United States (10, 25, 28, 31) , and Scandinavia (27, 30, 33) ). The dietary assessment methods used were heterogeneous, and most of the published articles included only a limited amount of detail on vegetable intake, that is, the number of items or portion sizes. Besides total vegetable intake or total fruit and vegetable intake, some studies investigated raw or cooked green/yellow vegetables, white/pale vegetables, cruciferous vegetables, dark green vegetables, green leafy vegetables, or legumes (10, 26, 30, 32, 33) . None of these analyses showed statistically significant associations with any vegetable category. Those studies covering dark green vegetables and legumes (10, 30) had only small numbers of cases (65 and 163, respectively), and the latter was limited to male smokers in Finland (30) , who reported considerably less vegetable intake than participants in our study. Our analysis was based on over 500 cases, and the dietary assessment instrument was quantitative and detailed. However, inverse associations between dark green vegetables and legumes were only suggestive overall.
Because of the high fatality rate of pancreatic cancer, case-control studies have often necessarily relied on proxy interviews, which, in addition to possible recall bias in dietary reporting, is a major limitation of this study design for studying pancreatic cancer. This might be the reason why the findings of case-control studies of vegetable intake and pancreatic cancer risk conducted so far have been much more inconsistent. Of 15 such studies, a statistically significant inverse association was reported for one type of vegetable or another in nine (34) (35) (36) (37) (38) (39) (40) (41) (42) , and no association was reported in six (43) (44) (45) (46) (47) (48) (49) . With regard to particular vegetable groups, the findings were similarly inconsistent for dark green or dark leafy vegetables (34, 38, 41) and legumes or beans (34, 36, 38, 41) . The findings for cruciferous vegetables (34-36, 38, 47, 50) showed somewhat greater agreement among studies, although statistically significant results were seen in only three (35, 36, 41) . Our findings only suggested an inverse association for dark green vegetables and legumes. Dark green vegetables in our study included dark green cruciferous vegetables; however, we found no evidence of an association with cruciferous vegetables alone.
To our knowledge, only one case-control study (41) has reported associations between vegetable intake and pancreatic cancer risk by ethnicity. A larger pancreatic cancer risk reduction in the highest quartile of cruciferous vegetable intake was found for Whites than for Blacks. In contrast, in our study a decreased risk with higher intake of dark green vegetables (which included dark green cruciferous vegetables) was seen predominantly in African Americans. Nevertheless, both studies suggested the possibility of ethnic differences in the strength of the association.
We are not aware of any other study that has investigated associations between vegetable intake and pancreatic cancer risk by BMI. In our study, obesity (BMI !30 kg/m 2 ) was associated with increased risk in men but not in women (unpublished data). We found that after stratification, the risk reductions with higher intakes of total and light green vegetables and with legumes were evident in overweight/ obese participants only. This association was slightly stronger in men.
In an earlier analysis, we found a positive association between consumption of red and processed meat and pancreatic cancer in the Multiethnic Cohort Study (23) . Therefore, we included these variables in the regression models. However, these adjustments changed the relative risks only slightly, and stratification by processed meat intake showed no differences across strata.
Various constituents of vegetables have been proposed to have anticancer effects, some of which are specific to a particular vegetable group, like the isothiocyanates in cruciferous vegetables, or are common in vegetables generally, like dietary fiber (17) . Antioxidation, effects on cell differentiation, altered estrogen metabolism, effects on DNA methylation, and increased apoptosis are among the mechanisms that may underlie the anticancer effects. Our dark green vegetable group included green leafy vegetables, which contain lutein, an antioxidant, and are rich sources of folic acid, which might influence cancer development through its role in DNA methylation (17) . The hypothesis of a role of folate metabolism in pancreatic cancer etiology has been proposed by other researchers (51, 52) . Dark cruciferous vegetables like broccoli were also included in our dark green vegetable group. Evidence for cancer-preventive effects of isothiocyanates in experimental animal studies is convincing (53) . Isothiocyanates are released from glucosinolates in the plant through enzymatic reactions that occur when plant cells are destroyed (54, 55) . Different pathways for chemopreventive effects of a variety of isothiocyanates have been investigated for pancreatic cancer and other cancers (56, 57) . Phytoestrogens, especially isoflavones in soy, are characteristic compounds of legumes. Isoflavones have been linked to cancer via their estrogenic properties, being able to bind to estrogen receptors (55) . Interestingly, a role of estrogen exposure in pancreatic cancer etiology has been hypothesized, and studies of parity and reproductive factors and pancreatic cancer risk in women have given some (though so far inconclusive) support to the hypothesis (58) (59) (60) . Protease inhibitors, saponins, phytosterols, and inositol hexaphosphate are further components of legumes which have been shown to have anticancer effects in animals or in vitro (17) . This analysis had some potential limitations. First is the applicability of the results to the US population in general. Although the study sample was only from Hawaii and California, the cohort was designed to be population-based in order to maximize the generalizability of findings (20) . A second issue relates to measurement error. Self-reported dietary data are measured with error (61), and measurement error certainly is present in our QFFQ data. We attempted to minimize this limitation through the rigorous design of the questionnaire and by emphasizing densities (intake measured as g/1,000 kcal/day) for the analyses, which we (21) and other researchers (24) have shown to be better correlated with more accurate measurements of dietary intake.
On the other hand, our study had several strengths. First was the large sample size, which resulted in considerable statistical power. Second was the comprehensive dietary assessment instrument, which, although prone to measurement error as noted above, provided a thorough assessment of vegetable intake. The exhaustive food list, in combination with the breakdown of mixed recipes to the ingredient level and the availability of a food composition table developed and maintained specifically for this multiethnic population, resulted in detailed and clearly defined vegetable groups. Third, the QFFQ assessed the whole diet, which permitted adjustment for energy intake. Fourth, because of the multiethnic background of the participants, the cohort included considerable dietary heterogeneity, which facilitated the ability to identify meaningful associations. Fifth, the prospective study design ruled out the problem of recall bias, which can influence findings from case-control studies of diet and pancreatic cancer.
In conclusion, results from this analysis of the Multiethnic Cohort Study show no evidence of an inverse association betweenvegetable intake and pancreatic cancer overall. However, they do suggest the possibility that vegetables may afford some protection against the disease in persons at higher risk, namely current smokers and overweight or obese persons. These findings should be confirmed in other studies.
